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tel 28F016SA 16-MBIT

(1 MBIT x 16, 2 MBIT x 8)
FlashFileT™M MEMORY

m User-Selectable 3.3V or 5V Vcc m Revolutionary Architecture
@ User-Configurable x8 or x16 Operation — Pipelined Command Execution
m 70 ns Maximum Access Time — Write during Erase

=
[

28.6 MB/sec Burst Write Transfer Rate —'gggg';;: Superset of Intel
1 Million Typical Erase Cycles per

Block m 1 mA Typical Icc in Static Mode
® 1 pA Typical Deep Power-Down
" ?g.(l)—:agégﬁigrgm X 14 mm x 20 mm m 32 Independently Lockable Blocks
m 56-Lead, 1.8 mm x 16 mm x 23.7 mm m State-of-the-Art 0.6 pm ETOX™ IV
SSOP Package Flash Technology

i i i i ich is the ideal choice for
{'s 28F016SA 16-Mbit FlashFile™ Memory is a revolutionary architecture which is ¢ f
gﬁigning embedded direct-executz code and mass storage data/file flash memory systems. With innovative
capabilities, low-power, extended temperature operation and high read/write per_formance. the 28F016SA
enables the design of truly mobile, high-performance communications and computing products.

8F016SA is the highest density, highest performance nonvolatile ragdiqua solution for solid-state
:tg.;age applications. Its gsymmatmalty-hlocked architecture (100% compgmble with the 2_8F00£|SA g—Mbﬂ
FlashFile memory), extended cycling, extended temperature operation, flexible Vcc._fast write a _dres.tn Fi[:a:1
formance and selective block locking provide highly flexible memory components suitable for Residen :Is
Arays, high-density memory cards and PCMCIA-ATA flash drives. The g&FOt&SA dual read voltage enal eg
the design of memory cards which can be interchangeably re_adfmitten in §.3V and 5.0V systems. lis ;ngcl;ll
architecture allows optimization of the memory-to-processor interface. Its high read performance and e;xt eg
block locking enable both storage and execution of operating systems and application software. _Manuf:;c u;1
on Intel's 0.6 um ETOX IV process technology, the 28F016SA is the most cost-effective, highest density

monolithic 3.3V FlashFile memory.
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28F016SA

1.0 INTRODUCTION

The documentation of the Intel 28F016SA memory
device includes this datasheet, 2 detailed user's
manual, and a number of application notes, all of
which are referenced at the end of this datasheet.

The datasheet is intended to give an overview of the
chip feature-set and of the operzting AC!QC SpeCIfll-
cations. The 16-Mbit Flash Prcduct Family User's
Manual provides complete descriptions of the user
modes, system interface examp.es ::md detailed de-
scriptions of all principles of operation. It also con-
tains the full list of software algorithm floytchans,
and a brief section on compatibility with Intel
28F008SA.

1.1 Product Overview

The 2B8F016SA is a high-performance 16-Mbit
(16,777,216 bit) block erasable nonvolatile random
access memory organized as either 1 Mword x 16 or
2 Mbyte x 8 The 28F016SA includes thirty-two
64-KB (65,536) blocks or thirty-two az_-KW (32,768)
blocks. A chip memory map is shown in Figure 4.

The implementation of a new architecture, with
many enhanced features, will improve the device op-
erating characteristics and restlts in greater product
reliability and ease-of-use.

Among the significant enhancements on the
28F016SA:

e 3.3V Low Power Capabiiity
o improved Write Performance
¢ Dedicated Block Write/Erase Protection

A 3/5# input pin reconfigures the device in}emally
for optimized 3.3V or 5.0V read/write aperation.

The 28F016SA will be availabl2ina §6-lead, 1.2 mm
thick, 14 mm x 20 mm TSOP type | package or &
56-lead, 1.8 mm thick, 16 mm X 23.7 mm SSOP
package. The TSOP form factor and pinout allow _for
very high board layout densities. SSQP packaging
provides relaxed lead spacing dimensions.

A Command User Interface (CUI) serves as the sys-

tem interface between the microprocessor or micro-
controller and the internal memory operation.
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internal algorithm automation allows word/byte
writes and block erase operations to be executgd
using a two-write command sequence to the CUI in

the same way as the 28FO08SA 8-Mbit FlashFile
memory.

A superset of commands have been added to the
basic 28F008SA command-set 1o achieve higher

write performance and provide additional capabill-
ties. These new commands and features include:

o Page Buffer Writes to Flash

o Command Queueing Capability

o Automatic Data Writes during Erase

e Software Locking of Memory Blocks

e Two-Byte Successive Writes in 8-bit Systems
e Erase All Unlocked Blocks

Writing of memory data is performed in either byte o
word increments typically within 6 ps, 2 33% im-
provement over the 28F008SA. A block erase oper-
ation erases one of the 32 blocks in tyg:call_y 0.6 sec,
independent of the other blocks, which is a 65%
improvement over the 28F008SA.

Each block can be written and erased a minimurm of
100,000 cycles. Systems can achieve typically one-
million block erase cycles by providing wear-leveling
algorithms and graceful block reurement: These
techniques have already been employed in many
flash file systems. Additionally, wear Ie‘ve_lmg of
block erase cycles can be used 1o minimize the
write/erase performance differences across blocks.

The 28F016SA incorporates two Page Buffers of
256 bytes (128 words) each to allow page data
writes. This feature can improve a system write per-
formance by up to 4.8 times over previous flash
memory devices.

All operations are started by a sequence of com-
mand writes to the device. Three Status Registers
{described in detail later) and a RY/BY# output pin
provide information on the progress of the requested
operation.

While the 28F008SA requires an operation to com-
plete before the next operation can be requested,
the 28F016SA allows queueing of the next operation
while the memory executes the current qp_aratlon.
This eliminates system overhead when writing sev-
eral bytes in a row to the aray or erasing several
blocks at the same time. The 28F016SA can also
perform write operations to one block of memory
while performing erase of another block.
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The 28F016SA provides user-selectable block lock-
ing to protect code or data such as device drivers,
PCMCIA card information, ROM-executable O/S or
application code. Each block has an associated
nonvolatile lock-bit which determines the lock status
of the block. In addition, the 28F016SA has a master
Write Protect pin (WP #) which prevents any modifi-
cations to memory blocks whose lock-bits are set.

The 28F016SA contains three types of Status Reg-
isters to accomplish various functions:

e A Compatible Status Register (CSR) which is
100% compatible with the 28F008SA FlashFile
memory's Status Register. This register, when
used alone, provides a straightforward upgrade
capability to the 28F016SA from a 28F008SA-
based design.

A Global Status Register (GSR) which informs
the system of Command Queue status, Page
Buffer status, and overall Write State Machine
(WSM) status.

32 Block Status Registers (BSRs) which provide
block-specific status information such as the
block lock-bit status.

The GSR and BSR memory maps for byte-wide and
word-wide modes are shown in Figures 5 and 6.

The 28F016SA incorporates an open drain RY/BY #
output pin. This feature allows the user to OR-tie
many RY/BY# pins together in a multiple memory
configuration such as a Resident Flash Array.

Other configurations of the RY/BY# pin are en-
abled via special CUlI commands and are described
in detail in the 16-Mbit Flash Product Family User's
Manual.

The 28F016SA also incorporates a dual chip-enable
function with two input pins, CEq# and CEq#.
These pins have exactly the same functionality as
the regular chip-enable pin CE# on the 28F008SA.
For minimum chip designs, CE1# may be tied to
ground to use CEg# as the chip enable input. The
28F016SA uses the logical combination of these two
signals to enable or disable the entire chip. Both
CEg# and CE4# must be active low to enabie the
device and, if either one becomes inactive, the chip
will be disabled. This feature, along with the open
drain RY/BY# pin, allows the system designer to
reduce the number of control pins used in a large
array of 16-Mbit devices.
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The BYTE # pin allows either x8 or x16 read/writes
to the 28F016SA. BYTE# at logic low selects 8-bit
mode with address Ag selecting between low byte
and high byte. On the other hand, BYTE# at logic
high enables 16-bit operation with address A4 be-
coming the lowest order address and address Ag is
not used (don't care). A device block diagram is
shown in Figure 1.

The 28F016SA is specified for a maximum access
time of 70 ns (tacc) at 5.0V operation (4.75V to
5.25V) over the commercial temperature range (0°C
to +70°C). A corresponding maximum access time
of 120 ns at 3.3V (3.0V to 3.6V and 0°C to +70°C) is
achieved for reduced power consumption applica-
tions.

The 28F016SA incorporates an Automatic Power
Saving (APS) feature which substantially reduces
the active current when the device is in the static
mode of operation (addresses not switching).

In APS mode, the typical I current is 1 mA at 5.0V
(0.8 mA at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD+# on the 28F008SA) pin
transitions low. This mode brings the device power
consumption to less than 1.0 pA, typically, and pro-
vides additional write protection by acting as a de-
vice reset pin during power transitions. A reset time
is required from RP+# switching high until outputs are
again valid. In the deep power-down state, the WSM
is reset (any current operation will abort) and the
CSR, GSR and BSR registers are cleared.

A CMOS standby mode of operation is enabled
when either CEq# or CE(# transitions high and
RP+# stays high with all input control pins at CMOS
levels. In this mode, the device typically draws an
lce standby current of 50 pA.

2.0 DEVICE PINOUT
The 28F016SA 56-lead TSOP Type | pinout configu-

ration is shown in Figure 2. The 56-lead SSOP pin-
out configuration is shown in Figure 3.
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2.1 Lead Descriptions

2or016SA

Symbol

Type

Name and Function

Ao

INPUT

BYTE-SELECT ADDRESS: Selects between high and low byte when the
device is in x8 mode. This address is latched in x8 data writes. Not used
in x16 mode (i.e., the Ag input buffer is turned off when BYTE # is high).

A1-Aqs

INPUT .

WORD-SELECT ADDRESSES: Select a word within one 64-Kbyte block.
Ag_15 selects 1 of 1024 rows, and A{_s selects 16 of 512 columns.
These addresses are latched during data writes.

A16=Az20

INPUT

BLOCK-SELECT ADDRESSES: Select 1 of 32 erase blocks. These
addresses are latched during data writes, block erase and lock block
operations.

DQy-DQ7

INPUT/OUTPUT

LOW-BYTE DATA BUS: Inputs data and commands during CUI write
cycles. Outputs array, buffer, identifier or status data in the appropriate
read mode. Floated when the chip is deselected or the outputs are
disabled.

DQg-DQqs5

INPUT/QUTPUT

HIGH-BYTE DATA BUS: Inputs data during x16 data write operations.
Outputs array, buffer or identifier data in the appropriate read mode; not
used for Status Register reads. Floated when the chip is deselected or
the outputs are disabled.

CEg#,CEq#

INPUT

CHIP ENABLE INPUTS: Activate the device's control logic, input buffers,
decoders and sense amplifiers. With either CEq# or CE4 # high, the
device is deselected and power consumption reduces to standby levels
upon completion of any current data write or block erase operations.
Both CEg#, CE¢ # must be low to select the device. All timing
specifications are the same for both signals. Device selection occurs with
the latter falling edge of CEg# or CE¢#. The first rising edge of CEg# or
CE, # disables the device.

RP#

INPUT

RESET/POWER-DOWN: RP # low places the device in a deep power-
down state. All circuits that burn static power, even those circuits enabled
in standby mode, are turned off. When returning from deep power-down,
a recovery time is required to allow these circuits to power-up. When
RP# goes low, any current or pending WSM operation(s) are terminated,
and the device is reset. All Status Registers return to ready (with all
status flags cleared).

OE#

INPUT

OUTPUT ENABLE: Gates device data through the output buffers when
low. The outputs float to tri-state off when OE # is high.

NOTE:
CEy# overrides OE#, and OE# overrides WE #.

WE#

INPUT

WRITE ENABLE: Controls access to the CUI, Page Buffers, Data Queue
Registers and Address Queue Latches. WE # is active low, and latches
both address and data (command or array) on its rising edge.

Page Buffer addresses are latched on the falling edge of WE #.

Figure 1. 28F016SA Block Diagram Architectural Evolution Includes
Page Buffers, Queue Registers and Extended Status Registers
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2.1 Lead Descriptions (Continued)
Symbol Type Name and Function
26F032SA | 28F016SV 28FO16SY | 28F0R28A
RY/BY# | OPEN DRAIN | READY/BUSY: Indicates status of the internal WSM. When low, it indicates that = st .
OUTPUT | the WSM s busy performing an operation. RY/BY # high indicates that the o = O Pt —= el VLR Wi
WSM is ready for new operations (or WSM has completed all pending % &é_’) & 3 S4E—JOE¢ |OEt ~|OF#
operaticns), or block erase is suspended, or the device is in deep power-down ha| Ciam SF:__: b 8 — %’BY" %’B“ &Y)’BY"
mode. This output is always active (i.e., not floated to tri-state off when OE# or An | Aw | Auc——s s =oor |oar N
CEg#,GE4# are high), except if a RY/BY # Pin Disable command is issued. A R —— QE=0Qy DAy K
Aw A | Aut—8 49 DQ, 6 g
WP# INPUT WRITE PROTECT: Erase blocks can be locked by writing a nonvolatile lock-bit el B =} PESED ok fee
for each block. When WP # is low, those locked blocks as reflected by the au | Au | A E28F0165A wF=pa’ |oa [oar
Block-Lock Status bits (BSR.6), are protected from inadvertent data writes or el v v — B 56-LEAD TSOP PINOUT LE 0. |k |0
block erases, When WP # is high, all blocks can be written or erased regardless CEf | CEot |CEN |14 = Voo [ved  |vec
. : ; i is db v, v, —1 al G
of the s:ate of the lock-bits. The'WP:# input buffer is disabled when RP # Jol ae | 15 12 mmx 14 mmx20mm = Dg[‘" gg?| Dga
transiticns low (deep power-down mode). An an | 17 TOP VIEW 400, |DQ, 3
At A AwC—] 18 38— DQ 0Q DQ
BYTE# INPUT | BYTE ENABLE: BYTE # low places device in x8 mode. All data is then input or vl B ==} sf—=na, |pay [00f
output on DQo-7, and DQg_15 float. Address Ag selects between the high and el ol = e g 3
low byte. BYTE # high places the device in x16 mode, and turns off the Ag input A7 A7 Ar—] 22 35 f—30qQ,, |DG, o
buffer, Address A4 then becomes the lowest order address. oy = 2‘32 % %: ' uo: %:
3/5+# INPUT | 3.3/5.0 VOLT SELECT: 3/5+# high configures internal circuits for 3.3v R =H o =L - S
operation. 3/5# low configures internal circuits for 5.0V operation. :z :z :z — % g =i % N NG
NOTES: . L] W=
Reading the array with 3/6# highina 5.0V system could damage the device. 290489-3
There is a significant delay from 3/5# switching to valid data. NOTE:
Vpp SUPPLY ERASE/WRITE POWER SUPPLY: For erasing memory array blocks or writing 56-Lead TSOP Mechanical Diagrams and Dimensions are shown at the end of this specification.
words/bytes/pages into the flash array. Fi : ) :
gure 2. TSOP Pinout Configuration
Vee SUPPLY | DEVICE POWER SUPPLY (3.3V + 0.3V, 5.0V * 0.5V, 5.0V + 0.25V): Do not
leave any power pins floating.
GND SUPPLY GROUND FOR ALL INTERNAL CIRCUITRY: Do not leave any ground pins
floating.
NC NO CCNNECT: Lead may be driven or left floating.
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o 26FO16SV 1rEFF 64 KByte Block 31
cE ‘ ) 170000 _
of Cet 1 O 56 Vep Vep el 64 KByte Block 30
A PV — ] s51 APk AP# 19PH 64 KByte Block 29
Ay | An s sl JAn | An e
Au A : 4 53 1 Ay Ao 158000 64 KByte Black 28 (j o
Ats As 1S 52 Ae Ay 10000 64 KByte Block 27 3
s
¢ ase 16 511 A Ay 1s000) 64 KByte Block 26
CE 4 CE ¢ [ 7 ) — A, | 84 KByte Block 25
NC Ne 18 s —Ja A i 64 KByte Block 24
—ds i ) Bsse
t :ﬂ " :: 1 :4 Ay see 64 Kbyte Block 23
9 w ] 1A As 64 KByte Block 22
160000
Ao Aw E11 DA2BEO16SA 8T As As - 64 KByte Block 21
Ag Ap : 12 56-LEAD SSOP 45 : Ay A7 e 64 KByte Block 20
Atg A 13 STANDARD PINOUT 4 Jenp | GND o o a e ok 19 (3 o
130000
Voo Voo 14 g Ay jareer 64 KByte Block 18
GND GND 115 1.8 mm x 16 mm x 23.7 mm 42 v v e00
Top viEw 1 Vee ce i 64 KByte Block 17
pQ oag 116 a4 110900
i ¢ bay Ba i 64 KByte Block 16
DQ D |17 40 ] DbQ, DQ, OFFTFF
DQ; DQy :l 18 E) — DQ, DQ, SFo500 &4 KByte Block 15
OEFFFF
Qs | DA 19 ®[—j00, | 0 sonne :1K2’te ]
RYBY¢ | Rymye[ |20 7 [a, A, apoco KByte.Blogk . 1] S
OE# o [ 21 36 [ 1BYTER | BYTES ocoss 64 KByte Block 12 7
WE# WEs 22 s [N NC oscgs 64 KByte Block 11
WP L — ) 1IN NC ss0000 64 KByte Block 10
O9FFFF

13 e Y s [, DQ, oo 64 KByte Block 9

Da, e Y — 2 [—10q, | DOy il 64 KByte Block 8
O7FFFF

1 oQ,,[——]2 s1_1Dpa,. | DO, sranee 64 KByte Block 7

ba, oo, 7 s0[1ba, | Day il 64 KByte Block &

Voo Vee 128 20 —1anD | GND il 64 KByte Block 5
D4FFFF

64 KByle Block 4
040000

a v 64 KByte Block 3 s ¢

Figure 3. SSOP Pinout Configuration i 64 KByte Block 2

A 64 KByte Block 1

— 64 KByte Block O

290489-30

Figure 4. 28F016SA Memory Map (Byte-Wide Mode)
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3.0 MEMORY MAPS

3.1 Extended Status Register Memory Map

X16 MODE A[20:1]

’- F8003H
. i
I Feo01H
e oo

.

X8 MODE Al20:0]

1FO006H
1FO00SH
1FO004H
1F0003H
1F0002H
1FO001TH
1FO000H

010002H 08001H

000006H
000005H
000004H
000003H
000002H
000001H
000000H

- 00003H
e | ooooen

BSRO ! - 00001H

00000H

RESERVED

Figure 5. Extended Status Register
Memory Map (Byte-Wide Mode)

Figure 6. Extended Status Register
Memory Map (Word-Wide Mode)
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4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS

4.1 Bus Operations for Word-Wide Mode (BYTE# = V|)

Mode Notes | RP# | CEq# | CEq# | OE# | WE# Aq DQg-15 | RY/BY#
Read 12,7 VIH ViL ViL Vi ViH X Dout X
Output Disable 16,7 ViH ViL ViL ViH Viy X High Z X
Standby 1,6,7 ViH ViL ViH X X X High Z X
ViH ViL
ViH ViH
Deep Power-Down 1,3 ViL X X X X X High Z VoH
Manufacturer [D 4 ViH Vi ViL ViL ViH ViL 0089H VoH
Device ID 4 VIH ViL ViL ViL ViH ViH 66A0H VOoH
Write 15,6 ViH ViL ViL ViH ViL X Din X

4.2 Bus Operations for Byte-Wide Mode (BYTE # = V)

Mode Notes | RP# | CE# | CEo# | OE# | WE# | Ay | DQo_7 | RY/BY#
Read 1,27 VIH ViL ViL Vi ViH X Dout X
Output Disable 1,6,7 VIH Vi ViL ViH ViH X High Z X
Standby 1,6,7 ViH ViL ViH X X X HighZ X

VIH ViL

ViH ViH
Deep Power-Down 1,3 ViL X X X X X High Z Vou
Manufacturer ID 4 ViH ViL ViL ViL ViH ViL 89H VoH
Device ID 4 ViH ViL ViL ViL ViH ViH AOH VoH
Write 1,5,6 ViH ViL ViL ViH ViL X Din X

NOTES:

1, X can be Vyy or Vy_for address or control pins except for RY/BY #, which is either Yo or Vou.

2. RY/BY# output is open drain. When the WSM is ready, block erase is suspended or the device s in deep power-down

mode. RY/BY # will be at Vo if it is tied to Ve through a resistor. RY/BY # at Vo is independent of OE# while a

WSM operation is in progress.

. AP# at GND £ 0.2V ensures the lowest deep power-down current.

. Agand Ay at Vi provide manufacturer |ID codes in x8 and x16 modes, respectively. Ag and Ay at Vi provide device 1D
codes in x8 and x16 modes, respectively, All other addresses are set to zero.

5. Commands for different block erase operations, data write operations or lock-block operations can only be successfully
completed when Vep = Vepy.

~wW

6. While the WSM is running, RY/BY # in level-mode (default) stays at Vg, until all operations are complete. RY/BY # goes

1o Vo when the WSM is not busy or in erase suspend mode.

7. RY/BY# may be at VgL while the WSM is busy performing various operations; for example, & Status Register read

during a data write operation.
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4.3 28F008SA—Compatible Mode Command Bus Definitions

NOTES:

A = Array Address

BA = Block Address
IA = |dentifier Address
WA = Write Address
X = Don't Care

First Bus Cycle Second Bus Cycle

Gommand Notes Oper Addr Data(4) Oper Addr Data
Read Array Write X xxFFH Read AA AD
Intelligent Identifier 1 Write X xx90H Read 1A ID
Read Compatible Status Registar Write X xx70H Read X CSRD
Clear Status Register Write X xx50H
Word/Byte Write Write X xx40H Write WA wD
Alternate Word/Byte Write Write X xx10H Write WA WD
Block Erase/Confirm Write X xx20H Write BA xxDOH
Erase Suspend/Resume Write X xxBOH Write X xxDOH

ADDRESS DATA

AD = Array Data
CSRD = CSR Data
ID = Identifier Data
WD = Write Data

1, Follawing the Intelligent Identifier sommand, two read operatiops access the manufacturer and device signatiire codes.
2. The CSR Is automatically available after device enters data write, bleck erase, or suspend operations.

3. Clears CSR.3, CSR.4 and CSA.5. Also clears GSR.5 and all BSR.5 and BSR.2 hlt'.f: ) ) )

4. The upper byte of the data bus (CQg-1s) during command writes is a “Don’t Gare” in x16 operation of the device.

See Status Register definitions.
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4.4 28F016SA—Performance Enhancement Command Bus Definitions

{ First Bus Cycle Second Bus Cycle Third Bus Cycle
Command Mode| Notes -
Oper| Addr | Data(12) | Oper| Addr| Data(12)| Oper| Addr| Data
Read Extended 1 Write| X | xx71H |Read| RA | GSRD
Status Register - BSRD
Page Buffer Swap 7 Write] X | xx72H
Read Page Buffer Write| X | xx75H |Read| PA PD
Single Load to Write| X | x74H |Write| PA PD
Page Buffer
Sequential Load to x8 46,10 |Write| X xxEOH |Write| X BCL |Write| X BCH
fasgelbuifes x16 |4,5,6.10|Write| X | sxEOH |write| X | woL |write] X [ wcH
Page Buffer Write x8 |3,4,9,10|Write] X | xxOCH |Write| Ag | BC(LH) |Write| WA | BC(H,L)
gl x16 | 4,510 |write] X | xx0cH |write| X | weL |write] WA | wcH
Two-Byte Write x8 3 Write| X | xxFBH |Write| Ag [WD(L,H)|Write| WA |WD(H,L)}
Lock Block/Confirm Write| X | xx77H |Write| BA | xxDOH
Upload Status Bits/ 2 Write| X | xx97H |Write|] X | xxDOH
Confirm
Upload Device Write| X | xx99H |Write| X | xxDOH
Information
Erase All Unlocked Write| X | xxA7H |Write| X | xxDOH
Blocks/Confirm
RY/BY # Enable to 8 Write| X xx96H |Write| X xx01H
Level-Mode
RY/BY # Pulse-On- 8 Write| X xx96H |Write| X xx02H
Write
RY/BY # Pulse-On- 8 Write| X | xx96H [Write| X xx03H
Erase
RY/BY # Disable 8 Write|] X | xx96H |Write| X | xx04H
Sleep 11 Write| X | xxFOH
Abort Write| X | xx80H
ADDRESS DATA

BA = Block Address

PA = Page Buffer Address

RA = Extended Register Address

WA = Write Address
X = Don't Care

PRELIMINARY

AD = Array Data
PD = Page Buffer Data
BSRD = BSR Data
GSRD = GSR Data

WC (L,H) = Word Count (Low, High)
BC (L.H) = Byte Count (Low, High)
WD (LH) = Write Data (Low, High)
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NOTES:

1.
2.

3
_ BCH/WCH must be at 00H fo- this product because of the 256-byte (128-word) Page Butfer size and 1o avold writing

-

12,

-2 © mNow

i Memory Maps.
RA can be the GSH address or any BSR address. See Figures 5 and 6 for Emeq_-idad Status Register r
Upan device power-up, all BSR lock-bits come up locked. The Upload Status Bits command must be written to reflect

the actual lock-bit status. )
Ag is automatically complemented to load the second byte of data. BYTE# must be at V|. The A value determines
which WD/BG is supplied first: Ag = O looks at the WDL/BCL, Ag = 1 locks at the WRH/BCH.

the Page Buffer contents into more than one 256-byte segment within an array block. Thaz are simply shown for future
Page Buffer expandability.

i is a don't care.
. In x16 mode, only the lower byte DQg_7 is used for WCL and WCH. The upper byte DQg_ysis a
. PAand PD [whch count is given in cycles 2 and 3) are supplied starting in the fourth cycle, which is not shown.

This command allows the user to swap between available Page Buffers (0 or 1). )

Thlase commands reconfigure the RY/BY# output lo one of two pulse-modes or enable and disable the RY/BY#
function. )

Write address, WA, is the destination address in the flash array which must match the source address in the Page
Buffer. Refer to the 16-Mbit Flash Product Family User’s Manual. »

BCL = 00H corresponds to a byte count of 1. Similarly, WCL = 00H comesponds to a word count of 1.

" To ensure that the 28F016SA's power consumption during sleep mode reaches the deep power-down current level, the

1em also needs 1o de-select the chip by taking either or both CEg# or C.E,I hi.gh . )
%:: upper byte of the data bus (DOg_15) during command writes is a “Don't Care” in x16 operation of the device.
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4.5 Compatible Status Register
1 WSMS [ ESS ES DWS VPPS R R R
7 6 5 4 3 2 1 0

CSR.7 = WRITE STATE MACHINE STATUS
1 = Ready
0 = Busy

CSR.6 = ERASE-SUSPEND STATUS
1 = Erase Suspended
0 = Erase In Progress/Completed

CSR.5 = ERASE STATUS
1 = Error In Block Erasure
0 = Successful Block Erase
CSR.4 = DATA WRITE STATUS

1 = Emor in Data Write
0 = Data Write Successful
CSR.3 = Vpp STATUS
1 = Vpp Low Detect, Operation Abort
0 = Vpp OK

CSR.2-0 = RESERVED FOR FUTURE
ENHANCEMENTS

NOTES:
RY/BY # output or WSMS bit must be checked
to determine completion of an operation (erase
suspend, block erase or data write) before the
appropriate Status bit (ESS, ES or DWS) is
checked for success.

If DWS and ES are set to “1" during a block
erase attempt, an improper command sequence
was entered. Clear the CSR and attempt the
operation again.

The VPPS bit, unlike an A/D converter, does not
provide continuous indication of Vpp level. The
WSM interrogates Vpp's level only after the
Data Write or Block Erase command sequences
have been entered, and informs the system if
Vpp has not been switched on. VPPS is not
guaranteed to report accurate feedback
between Vpp and Vppn.

These bits are reserved for future use; mask
them out when polling the CSR.

PRELIMINARY
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4.6 Global Status Register

WSsMS | O0ss | Dos | Dss as PBAS peBs | pBss |
7 6 5 4 3 2 1 0
NOTES:
IGSR.7 = WRITE STATE MACHINE STATUS 11 RY/BY # output or WSMS bit must be checked to
1 = Ready determine completion of an operation (block lock, erase
0 = Busy suspend, any RY/BY # reconfig-uration, Upload Status

Bits, block erase or data write) before the appropriate

Status bit (OSS or DOS) is checked for success.

IGSR.6 = OPERATION SUSFEND STATUS

1 = Operation Suspended

0 = Operation in Progress/Completed

[3SR.5 = DEVICE OPERATION STATUS

1 = Operation Unsuccessful

0 = Operation Successful or

Currently Running

GSR.4 = DEVICE SLEEP STATUS

1 = Device in Sleep

. 0 = Device Not in Sleep

MATRIX 5/4

00 = Operation Successful or
Currently Running

0 1 = Device in Sleep Mode or
Pending Sleep

1 0 = Operation Uasuccessful

1 1 = Operation Unsuccessful or
Aborted

GSR.3 = QUEUE STATUS

1 = Queue Full

0 = Queue Available

(GSR.2 = PAGE BUFFER AVAILABLE STATUS

1 = One or Two Page Buffers Available The device contains two Page Buffers.

0 = No Page Buffer Available :

(GSR.1 = PAGE BUFFER STATUS

1 = Selected Page Buffer Ready

0 = Selected Page Buffer Busy

If operation currently running, then GSR.7 = 0.

If device pending sleep, then GSR.7 = 0.

Operation aborted: Unsuccessful due to Abort cornmand]

Selected Page Buffer is currently busy with WSM
operation.

IGSR.0 = PAGE BUFFER SELECT STATUS

1 = Page Buffer 1 Selected

=
[ ntel ® ~Z8F016SA

4.7 Block Status Register

[ B | ®Bs | Bos BOAS as VPPS R
7 6 5 4 3 2 1 0
NOTES:

BSR.7 = BLOCK STATUS
1 = Ready
0 = Busy

[11 RY/BY # output or BS bit must be checked to
determine completion of an operation (block lock,
erase suspend, any RY/BY # reconfiguration,

Upload Status Bits, block erase or data write)
before the appropriate Status bits (BOS, BLS) is
checked for success.
BSR.6 = BLOCK-LOCK STATUS
1 = Block Unlocked for Write/Erase
0 = Block Locked for Write/Erase
BSR.5 = BLOCK OPERATION STATUS
1 = Operation Unsuccessful
The BOAS bit will not be set until
0 = Operation Successful or BSR.7 = 1.
Currently Running
BSR.4 = BLOCK OPERATION ABORT STATUS
1 = Operation Aborted
0 = Operation Not Aborted
MATRIX 5/4
0 0 = Operation Successful or
Currently Running
01 = Not a Valid Combination
10 = Operation Unsuccessful
11 = Operation Aborted
BSR.3 = QUEUE STATUS
1 = Queue Full
0 = Queue Available
BSR.2 = Vpp STATUS
1 = Vpp Low Detect, Operation Abort

Operation halted via Abort command.

0 = Vpp OK
BSR.1-0 = RESERVED FOR FUTURE These bits are reserved for future use; mask them
ENHANCEMENTS out when polling the BSRs.

0 = Page Buffer 0 Selected

NOTE:
1. When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block.

GSR.7 provides indication when all queued operations are completed.
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NOTE:
1. When multipie operations are queued, checking BSR.7 only provides indication of completion for that particular block.
GSR.7 provides indication when all queued operations are completed.
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5.0 ELECTRICAL SPECIFICATIONS
5.1 Absolute Maximum Ratings*

Temperature underBias ............ 0°Cto +80°C
Storage Temperature .......... —65°Cto +125°C

Vec = 3.3V + 0.3V Systems

intal.

NOTICE: This data sheet contains preliminary infor-
mation on new products in production. The specifica-
tions are subject to change without notice. Verify with
your local Intel Sales office that you have the latest
data sheet before finalizing a design.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

intal.

5.2 Capacitance

For a 3.3V System:

~Z8F016SA

Sym Parameter Notes | Min Max | Units Test Conditions
Ta Operating Temperazure, Commercial 1 0 70 °C Ambient Temperature
Ve | Ve with Respect to GND 2 -02]| 7.0 \
Vpp | Vpp Supply Voltage with Respect to GND 23 —-0.2 | 140 A"
\ Voltage on Any Pin (Except Vcc, Vpp) 2 —05| Vee \
with Respect to GND +0.5
| Current into Any Non-Supply Pin +30 | mA
louT | Output Short Circuil Current 100 mA
Vec = 5.0V + 0.5V, Vgg = 5.0V £ 0.25V Systems(®)
Sym Parameter Notes | Min | Max | Units Test Conditions
Ta Operating Temperature, Commercial 1 0 70 °C Ambient Temperature
Vee | Ve with Respect to GND 2 -02| 7.0
Vpp | Vpp Supply Voltage with Respect to GND 2,3 —0.2 | 14.0 v
Vv Voltage on Any Pin (Except Ve, Vpp) 2 —-20| 70
with Respect to GND
| Current into Any Non-Supply Pin +30| mA
lout | Output Short Circuit Current 100 mA

NOTES:

1. Operating temperature is for o sial product defi

d by this specification.

2. Minimum DC voltage is —0.5V on input/output pins. During transitions, this level may undershoot to —2.0V for periods
<20 ns. Maximum DC voltage on input/output pins is Vgg + 0.5V which, during transitions, may overshoot to Vgc +

2.0V for periods <20 ns.

This specification also applies to pins marked “NC."

ompw
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. Maximum DG voltage on Vp> may overshoot to + 14.0V for periods <20 ns.
Output shorted for no more than one second. No more than one output shorted at a time.

5% Vg specifications refer to the 28F016SA-070 in its High Speed Test configuration.
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Symbol Parameter Notes | Typ | Max | Units Test Conditions
Cin Capacitance Looking into an 1
6 8 F = 25°C,f =
Address/Control Pin g ik
Cout Capacitance Looking into an 1
8 12 = 25°C,f =
i pF Ta = 25°C,f = 1.0 MHz
CLoAD Load Capacitance Driven b
Y 1 50 F ForVgg = +
Outputs for Timing Specifications 3 oo = 33V E 03V
Equivalent Testing Load Circuit 2.5 ns 509 Transmission Line
Delay
For a 5.0V System:
Symbol Parameter Notes | Typ | Max | Units Test Conditions
Cin Capacitance Looking into an 1
6 8 F = 25° =
Address/Control Pin i V= S FESSES
Cout Capacitance Looking into an 1 8
12 F = 25°C,f =
s p Ta = 25°C, f = 1.0 MHz
CLoAD Load Capacitance Driven by 1
: 100 F ForVgc = 5.0V £
Outputs for Timing Specifications - Lco = 5OV 2 05
: 30 pF | ForVgg = 5.0V + 0.25V
Equivalent Testing Load Circuit for 25 ns 259 Transmission Lin
Vee + 10% Delay °
Equivalent Testing Load Circuit for 25 ns 83Q Transmission Line
Voc £ 5% Delay
NOTE:

1. Sampled, not 100% tested.

PRELIMINARY
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4.6 Global Status Register

| wsms | oss DOS DSS as PBAS PBS | PBSS |
7 6 5 4 3 2 1 0
NOTES:
GSR.7 = WRITE STATE MACHINE STATUS (11 RY/BY # output or WSMS bit must be checked to
1 = Ready determine completion of an operation (block lock, erase

suspend, any RY/BY # reconfig-uration, Upload Status
Bits, block erase or data write) before the appropriate
Status bit (OSS or DOS}) is checked for success.

0 = Busy

GSR.6 = OPERATION SUSPEND STATUS

1 = Operation Suspended

0 = Operation in Progress/Completed

IGSR.5 = DEVICE OPERATION STATUS

1 = Operation Unsuccessful

0 = Operation Successful or

Currently Running

IGSR.4 = DEVICE SLEEP STATUS

1 = Device in Sleep

s 0 = Device Notin Sleep

MATRIX 5/4

0 0 = Operation Successful or
Currently Running

0 1 = Device in Sleep Mcde or
Pending Sleep

1 0 = Operation Unsuccessful

11 = Operation Unsuccessful or
Aborted

GSA.3 = QUEUE STATUS

1 = Queue Full

0 = Queue Avalilable

GSA.2 = PAGE BUFFER AVAILAB_E STATUS

- 1 = One or Two Page Buffers Available The device contains two Page Buffers.

0 = No Page Buffer Available

GSR.1 = PAGE BUFFER STATUS

1 = Selected Page Buffer Ready

0 = Selected Page Buffer Busy

If operation currently running, then GSR.7 = 0.

If device pending sleep, then GSR.7 = 0.

Operation aborted: Unsuccessful due to Abort command

Selected Page Buffer is currently busy with WSM
operation.

GSR.0 = PAGE BUFFER SELECT STATUS

1 = Page Buffer 1 Select=d

0 = Page Buffer 0 Selectad

Ll
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4.7 Block Status Register
| Bs | Bs [ Bos BOAS as VPPS R
7 6 5 4 3 2 1 0
NOTES:

BSR.7 = BLOCK STATUS
1 = Ready
0 = Busy

BSR.6 = BLOCK-LOCK STATUS
1 = Block Unlocked for Write/Erase
0 = Block Locked for Write/Erase
BSR.5 = BLOCK OPERATION STATUS
1 = Operation Unsuccessful

0 = Operation Successful or
Currently Running
BSR.4 = BLOCK OPERATION ABORT STATUS
1 = Operation Aborted
0 = Operation Not Aborted
MATRIX 5/4
00 = Operation Successful or
Currently Running
01 = Not a Valid Combination
1 0 = Operation Unsuccessful
11 = Operation Aborted
BSR.3 = QUEUE STATUS '
1 = Queue Full
0 = Queue Available
BSR.2 = Vpp STATUS
1 = Vpp Low Detect, Operation Abort

0 = Vpp OK
BSR.1-0 = RESERVED FOR FUTURE
ENHANCEMENTS

[1] RY/BY # output or BS bit must be checked to
determine completion of an operation (block lock,
erase suspend, any RY/BY # reconfiguration,
Upload Status Bits, block erase or data write)
before the appropriate Status bits (BOS, BLS) is
checked for success.

The BOAS bit will not be set until
BSR.7 = 1.

Operation halted via Abort command.

These bits are reserved for future use; mask them
out when polling the BSRs.

NOTE:
1. When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block.
GSR.7 provides indication when all queued operations are completed.
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NOTE:

1. When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block.
GSR.7 provides indication when all queued operations are completed.
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5.0 ELECTRICAL SPECIFICATIONS NOTICE: This data sheet contains preliminary infor- 5.2 Capacitance
mation on new products in production. The specifica-
. tions are subject to change without notice. Verify with For a 3.3V System:
5.1 Absolute Maximum Ratings* your local Intel Sales office that you have the latest Symbol -
data sheet before finalizing a design. arameter . =
Temperature under Bias ............ CClo +80°C e a3 =8 . G . — Notes | Typ | Max | Units Test Conditions
- Stressing the device beyond the “Absolute IN Capacitance Looking into an 1 [ 8 F i
Storage Temperature .......... —65°Cto +125°C Maximum Ratings” may cause permanent damage. Address/Control Pin i Ta=25C, 1= 1.0MHz
These are stress ratings only. Operation beyond the =
Cout Capacitance Looking into an 1 8 12 OF | Ta=25C.f = 1.0 MH
= =1 z

“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions"” Output Pin

t /i jability.
may affect device reliability. CLoaD Load Capacitance Driven by 1 50 pE ForVer = 3
Outputs for Timing Specifications cc =33V £ 03V

Vee = 3.3V + 0.3V Systems Equi - -
- - - quivalent Testing Load Circuit 25 ns 500 T . =
Sym Parameter Notes | Min Max | Units Test Conditions g B ransmission Line
ela;
Ta Operating Temperature, Commercial 1 0 70 °C Ambient Temperature A
N For a 5.0V System:
Voo | Vec with Respect to GND 2 -02| 70 \ Symb
mbol
Vep | Vep Supply Voltage with Respectto GND | 23 | —02| 140 | V = paramettr Notes | Typ | Max | Units Test Conditions
C T . .
V| Voltage on Any Pin (Except Vcc, Vep) 2 | -05|ves | V N ' Ajsrgsa/gn'f‘f';?g into an 1 6 | 8 | pF [ Ta=25C t=1.0MHz
with Respect to GND +0.5 = o
Capaci ingi
1 Current into Any Nor-Supply Pin 5 +30 | mA uT Ou-ll?;;lts;ce Looking into an 1 8 12 pF | Ta = 25°C,f = 1.0 MHz
Output Short Circuit = it 4 10 A -
loyt B 0 m — Cioap Load Capacitance Driven by 1 100 pF For Voo = 5.0V +
- Outputs for Timing Specifications cc = S0V £ 0.5V
Vee = 5.0V £ 0.5V, Vgc = 5.0V + 0.26V Systems(®) ; : 30 pF For Vog = 5.0V + 0.25V 4
Sym Parameter Notes | Min | Max | Units Test Conditions Squwfl?gt/'festmg Load Circuit for 2.5 ns 250 Transmission Line
cc + 10%
Ta Operating Temperature, Commercial 1 0 70 °C Ambient Temperature Equivalont T Delay
quivalent Testing Load Circui .
Voo | Voo with Respect to GND 5 —o02| 70 v Voo + 5% 9 Circuit for 2.5 ns 830 Transmission Line
D
Vep | Vep Supply Voltage with RespecttoGND | 23 | —02| 140 | V NOTE: slay
v Voltage on Any Pin (Except Ve, Vpp) 2 —-20| 70 v 1. Sampled, not 100% tested.
with Respect to GND
1 Current into Any Non-Supply Pin 5 +30| mA
louT | Output Shert Circuit Current 4 100 mA
NOTES:
1. Operating temperature is for commercial product defined by this specification. '
2. Minimum DC voltage is —0.5V on input/output pins. During transitions, this level may undershoot to — 2.0V for periods
<20 ns. Maximum DC voltage on input/output pins is Voo + 0.5V which, during transitions, may overshoot to Vg +
2.0V for periods <20 ns.
3. Maximum DG voltage on Vpg may overshoot to +14.0V for periods <20 ns.
4. Output shorted for no more than one second. No more than one cutput shorted at a time.
5. This specification also applies to pins marked “NC."
6. 5% Voo specifications refer o the 28F016SA-070 in its High Speed Test configuration.
PRELIMINARY PRELIMINARY e
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5.3 Timing Nomenclature

28Fu16SA

i cross 1.5V.
3.3V system timings are measured from where signals
Al 3.

’ 2.0 2 T
For (0) ys[em use the s1a|’|(lald JEI YE T n fin INPUT X > ! < XZ,D 3
| 0.45 0.8 ; QUTPUT
: i itions.
C cross pol t defini
or 5. V s S

290489-4
) AC test inputs are driven at Vo (24 VTI'L). fqr a Logic *1" and Vgy_ (0.45 VTTL) for a Logic “0.” Input timing begins at
— examples are defined below: Vi (2.0 VTTL) and V| (0.8 VTTL). Output timing ends at Vjy and V,_. Input rise and fall times (10% to 90%) <10 ns.
; - e characters. Some com . iid (V)
a r consists of five € becoming valt
Bach fming parame:e o(t) from CE# (E) going low (L) to the outputs (QQ)) o ing valid )
m

e BV tlime(t) from OE# (@) going low (L) to the Oummfo() pecoming valid (V)

foE — time(t) frorﬁ address (A) valid (V) to the outputs

tacc tavav ‘

Figure 7. Transient Input/Output Reference Waveform
(Vcc = 5.0V * 10%) for Standard Test Configuration(t}

i hlgh (H) 3.0 L ¢
id (V) to WE# (W) going fined (X) Sl
timef(t) from address A V.ah (.V) n the data (D) can become undeft INPUT 1.5 ——TEST POINTS— ¥1.5  oUTPUT
tavwH to whe
s AV imel) from WE# (W) going high * 0. c¢
ton twripx time(t) . I . 55
[ _pnchancir -_
“ Address Inputs

290489-5
AC test inputs are driven at 3.0V for a Logic “1" and 0.0V for a Logic "0." Input timing begins, and output timing ends, at
1.5V. Input rise and fall times (10% to 90%) <10 ns.

-

Data Outputs
CE# (Chip Enable)

“ BYTE# (Byte Enable)
“ OE# (Output Enable)

T =
“ AP # (Deep Power-Down Pin) _

S
2
]

2

o
(=

S
2

=X
2

[
Q
o]
143

0
Y
<
<
58
&

Figure 8. Transient Input/Output Reference Waveform (Vcc = 3.3V + 0.3V)
High Speed Reference Waveform(2) (Voc = 5.0V £ 5%)

NOTES:

1. Testing characteristics for 28F016SA-080/28F016SA-100.
2. Testing characteristics for 28F016SA-070/28F016SA-120/28F016SA-150.

\

\

|

|

“ RY/BY # (Ready BusY)
-’-

Ve at 3.0V Minimum
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5.4 DC Characteristics: Commercial Temperature

Vec = 3.3y + 0.3V, Ta = 0°Cto +70°C
3/5# = Pin Set High for 3.3V Operations

28k 6SA

Sym Parameter Notes | Min | Typ | Max | Units

Test Conditions

m Input Load Current 1 S nA

Veeo = Voo Max
V|N = Voc or GND

Lo Output Leakage 1 +10 A
Current g

Vee = Voo Max
ViN = Voo or GND

lccs Vec Standby 15,6 50 100 pA
Current

Voo = Voo Max

CEg#, CE1#, RP#, = Vo £ 0.2V

BYTE#, WP#,3/5# = Voo =
0.2V or GND + 0.2V

Vee = Voo Max
CEp#,CEq#,RP# = Vi
BYTE#, WP#,3/5# = V|yorV_

lcco | Vec Deep Power- 1 1 5 pA
Down Current

RP# = GND + 0.2V
BYTE# = GND £ 0.2Vor
Voo £ 0.2V

lccr1 | Vcc Read Current 1.4,5 30 35 mA

Voo = Voo Max

CMOS: CEg#,CE1# = GND £
0.2V,BYTE# = GND %
0.2VorVge £ 0.2V,
Inputs = GND + 0.2V or
Voo £ 0.2V

TTL: CEg#, CE1# = V),
BYTE# = V|_or V|u,
Inputs = V)_or V|4

f = 8 MHz, loyT = 0 mA

28F016SA
2.5 ns of 25Q Transmission Line
From Output (—)— Test
Under Test } (J Foint
= 290489-6
Total Capacitance = 100 pF
Figure 9. Transient Equivalent Testing Load Circuit (Vgc = 5.0V £ 10%)
2.5 ns of 509 Transmission Line
From Output Test
Under Test :—: Point
=3 290489-7
Total Capacitance = 50 pF
Figure 10. Transient Equivalent Testing Load Circuit (Vcc = 3.3V £ 0.3V)
2.5 ns of 839 Transmission Line
From Qutpul [—) (_ Test
Under Test ‘ —] Point
- 290489-8
Total Capacitance = 30 pF
=
Figure 11. High Speed Transient Equivalent Testing Load Circuit (Vgc = 5.0V = 5%)
PRELIMINARY
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Ve Read Current 1,45 15 20 mA

lccr2

Vee = Voo Max

CMOS: CEg#, CE1# = GND *
0.2V, BYTE# = GND %
0.2V or Vg £ 0.2V,
Inputs = GND + 0.2V or
Veg + 0.2V

TTL: CEg#, CEq# = Vi,
BYTE# = V|_or Vin,
Inputs = V)_or V|4

f = 4 MHz, oyt = OmMA

lccw | Voo Write Current 1 8 12 mA

Word/Byte Write in Progress

lcce Vg Block Erase 1 6 12 mA
Current

Block Erase in Progress

lcces | Vec Erase Suspend 1,2 3 6 mA

Current

CEp#,CEq# = V|y
Block Erase Suspended

PRELIMINARY
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5.4 DC Characteristics: Commercial Temperature (Continued)

intal. l

intgl.

5.5 DC Characteristics: i
cs: Commercial Temper
L a
Voc = 5.0V £ 0.5V, 50V + 0.25V, T4 = 0°C to +7(’))°c ture

Vo = 3.3V £ 0.3V, Ta = 0°Cto +70°C k
af5# = 2in Set High for 3.3V Operations 3/5# Pin Set Low for 5V Operations
Sym Parameter Notes Min Typ | Max | Units Test Conditions Sym - Parameter Notes | Min | Typ | Max | Units Test
‘est Conditi
lpps | Vep Standby/Read 1 + 1 + 10 pA | Vpp S Vce I Input Load Current 1 +1 pA Vee = tone
\ppr | Current 65 200 WA | Vr > Voo VCC—_VVCC Max
Lo Output Leakage 1 - in = Voo or GND
IpPD \[/)pp D<(a:ep PO\tNer- 1 0.2 5 pA | RP# = GND = 0.2V Current +10 | pA | Voo = Vog Max
own Curren Vig = V.
> lccs | Ve Standby Current | 1,5,6 50 IN = Vog or GND
lepw | Vep Write Current 1 10 15 mA | Vpp = VppH = 100 nA Vee = Ve Max
Word/Byte Write in Progress CEo#,CE{#,RP# = Vg 0.2V
lppe | Vpp Block Erase 1 4 10 mA | Vep = VepH BYTE#, WP#,3/5# = Ve +
Current Block Erase in Progress 0.2V or GND + 0.2V
2 -
IppEs | Vep Erase Suspenc | 1 [ 65 | 200 | pA | Vee=Veen 4 | mA goc = Vo Max
Current Block Erase Suspended BE’(I)'E. CE1#,RP# = Vi
#, WP# =
viL | Input Low Voltage -0.3 0.8 ' lcco | Vec Deep Power- 1 - - P#,3/6# = ViorViL
- Down Current A | RP# = GND % 0.2V
ViH Input High Voltage 20 Vee " BYTE# = GND + 0.2V
+03 e Veg £02V .
Vec R =
VoL | Output Low Voltage 0.4 VvV | Voo = Vee Min CCR cc Read Current 1,4,5 50 | 60 mA | Vg = Vg Max
loL = 4MA CMOS: CE
:CEg#, CE1# = GND +
Von1 | Output High Voltace 2.4 \ Voe = Voc Min 0.2V, BYTE# = GN
D £ 0.2V
lon = —2.0mA orVec + 0.2V,
Vorz Ve —0.2 vV | Voc = Ve Min Inputs = GND * 0.2V
lgw = —100 phA nof Voe £ 0.2V
L: CEg#,CE1# =V,
VepL | Vpp during Norma 3 0.0 6.5 \ BYTE# = Vy_ or VIH'IL’
Operations Inputs = Vi or Viy
. = f=10MHz =
VppH | Vpp during W.nte/ 3 11.4 12.0 | 126 \ lccr2 | Vec Read Current 1,45 20 = ,lour = 0mMA
Erase Operations mA Vo = Ve Max
Viko | Voo Write/Erase 2.0 v CMOS: CEp#, CE1# = GND +
L Lock Voltage 0.2V, BYTE# = GND £ 0.2V
orVgc 0.2V,
NOTES: Inputs = GND + 0.2V or
1. All currents are in RMS unless otherwise noted. Typical values at Voo = 3.3V, Vpp = 12.0V, T = 25°C. These curments Vce £ 0.2V
are valid for all product versions (package and speeds). ' TTL: CEg#, CE1# =
2. lcoes s specified with the device deselected. It the device is read while in erase suspend mode, current draw is the sum B. CE1# =V,
of lgces and locp . ) . ) YTE# = V|_orViy,
3, Block erases, word/byte writes and lock block operalions are inhibited when Vpp = VppL and not guaranteed in the Inputs = V|_or Vyy
range between Vppy and \ppL: - f = 5MHz, | L
4. Automatic Power Savings (APS) reduces lccp (o less than 1 mA in static operation. lcow | Voo Write Current 1 25 | 35 our — 9 mA
5. OMOS Inputs are either Vg + 0.2V or GND % 0.2V. TTL Inputs are sither VL o Vig, ) lcce | Vg Block E mA | Word/Byte in Progress
6. Standby current levels are not reached when putting the chip in standby mode immediately after reading the page butter. CC rase 1 18 25 mA | 8l -
Default the device into read array of read Status Register mode before entering standby to ensure standby current levels. Current : ock Erase in Progress
lcces | Vcc Erase Sus
pend 1,2 5 10
L | Cument mA | CEg#,CEq# = Viy
Block Erase Suspended
PRELIMINARY PRELIMINARY
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5.5 DC Characteristics: COMMERCIAL TEMPERATURE (Continued) ‘
Voo = 50V + 05V, 50V & 025V,Ta = 0°Cto +70°C : 5.6 AC Characteristics-Read Only Operations: Commerci
Vi — 3.3V £ 09V, Ta = 0°C o 4+70°C : ercial Temperature(1)

3/5# Pin Set Low for 5V Operations
Sym | . Parameter Notes | Min | Typ | Max Units Test Conditions Versions(®)
ions!
lpps Vpp Standby/Read 1 +1 + 10 pA Vpp € Vce Symbol Paramete 28F016SA-120 28F016SA-150
IpPR Current > r Notes | Mi - Unit
65 200 A Vep > Ve tavav Read Cycle Time 1 2: Max Min Max S
lpPD Vpp Deep Power- 1 0.2 5 pA RP# = GND + 0.2V t A 150
Down Current tAVQV ddress to Output Delay 120 =
CE# 150
lppw | Vpp Write Current 1 7 12 mA Vpp = VpPH ELQY 10- Qutput Delay 2 120 =
Word/Byte Write in Progress tprqv | RP# High to Output Delay 150 ns
62
lope | Vep Block Erase 1 5 10 | mA | Vep=Vepu tolay | OE# to Output Delay > g 750 ns
Current Block Erase in Progress teiax | CE# to Output in Low Z - 45 50 s
— 0
Ippes | Vpp Erase Suspend 1 65 200 pA Vpp = VppPH teqaz | CE# to Outputin High Z ) 0 ns
Current Block Erase Suspended ‘alox | OE# to Outputin 50 = =
putin Low Z
V| Input Low Voltage —0.5 08 \") 3 0
vIL | put High Volt ; 20 v, v lanaz | OE# to Outputin High Z 3 2 L
n| igh Voltal i
i B 105 G (e TR TGS 5= e, 3 0 = 20 =
E # Change, Whi ; 0
VoL | Output Low Voltage 045 | V| Voc = VocMin = —— ge, Whichever Occurs First ns
; — " . 150 ns
Voni | Output High Voltage 0.85 v Ve = Voo Min
Voo lon = —25mA troz | BYTE# Low to Outputin High Z 3 30
< t .
Vorz Vee v Voc = Voo Min tELFL CE+# Low to BYTE# High or Low 3 = 40 ns
—-0.4 fon = —100 pA LEH 5 ns
VppL | Vep during Normal 3 0.0 6.5 \
Operations For Extended Status Register Reads
V Vpp during Write/ 114 | 120 | 126 \
PP - S o Versions(5)
Erase Operations 5 28F016SA-120 28F016SA.
b .
Virko | Voc Wite/Erase 2.0 v ymbol Parameter Notes I W 150
U Min Max Min Units
Lock Voltage [ taveL Address Setup to CE# GoingLow | 3,4 0 Max
t ! 0
NOTES: : AVGL Address Setup to OE# GoingLow | 3,4 0 ns
1. All currents are in RMS unless otherwise noted. Typical values atVgg = 50V, Vep = 12.0V, T = 25°C. These cuments 0 .
are valid for all product versions (package and speads).
2. leces is specified with the device deselected. If the devica is read while in erase suspend mode, current draw is the sum
of leces and lecr-
3. Block erases, word/byte writes and lock block operations are inhibited when Vpp = VppRL and not guaranteed in the
range between VppH and VppL-
4. Automatic Power Saving [APS) reduces Iccr 10 {ess than 2 mA in static operation.
5. CMOS Inputs are either Voc 0.2V or GND £ 0.2V, TTL Inputs are aither Vi or Viy- i
6. Standby current leveis ara not reached when putting the chip in standby mode immediately after reading the page buffer.
Detault the device into read array or read Status Register mode before entering standby to ensure standby current levels.
‘4128 PRELIMINARY PRELIMINARY
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56 AC Characteristics—Read Only Operations:

(Continued)

Voo= 5.0V % 0.5V, 5.0V + 025V, Ta = 0°C to +70°C

versions(5)

Sym Parameter
tavav | Read Cycle
Time
tavav | Address to
A Output Delay

teLqy | CE# to
s Output Delay

tPHQV RP# to
. Output Delay

v | OE# to
lala Output Delay

CE# to

Outputin
LowZ

terax

teHaz

QE# to
Output in
LowZ

OE# to
Outputin
High Z

toH Output Hold
from
Address,
CE# or
OE#
Change,
Whichever
Occurs First

trLqv | BYTE# 10

taLax

tgHaz

truqy | Output Delay

BYTE# Low
to Output in
High Z

CE# Lowto

trLaz

tELFL

tELFH
or Low

4-130

28F016SA-080(7)

BYTE# High

Voo * 5% | 28F016SA-070(9)
) :
Veo £ 10%
Notes | Min | Max |

70

-~
H‘
e
(=
o

w
o

N

(]

o
IS

[N
lH

w
N
[4)]

m.i
l'
1))
W
-l
l
(5,

-
H‘
wl 2
8l 8

l
l

550

40

35

COMMERCIAL TEMPERATURE()

e
[=]
[=]

ns

ns

ns

ns

PRELIMINARY

For Extended Status Register Reads

. Vee = 5% | 28F016SA-070(6)
Versions(5)
Vee £ 10% 28F016SA-080(7) 28F016SA-100(7) | Units
Sym | Parameter Notes Min Max Min Max Min Max
taveL | Address 3.4 0 ] 0 ns
Setup to
CE#
Going Low
tavaL | Address 3,4 0 0 0 ns
Setup to
OE#
Going Low
NOTES:

1. See AC Input/Output Reference Waveforms for timing measurements, Figures 7 and 8.

2. OE+# may be delayed up to tg qv-tgLqy after the falling edge of CE # without impact on tg; qv-
3. Sampled, not 100% tested.

4. This timing parameter is used to latch the comrect BSR data onto the outputs.
5. Device speeds are defined as:

70/80 ns at Voo = 5.0V equivalent to

120 ns at Vg = 3.3V

100 ns at Vgg = 5.0V equivalent to
150 ns at Vg = 3.3V

6. See AC Input/Cutput Reference Waveforms and AC Testing Load Circuits for High Speed Test Configuration
7. See Standard AC Input/Output Reference Waveforms and AC Testing Load Circuit.

PRELIMINARY

4-131







28F016SA

A\

. ADDRESSES(A)

VL

Vi

cea &Y
Vo

3

O (G}

VI.

A\

WES (W)

Vo

Vou

DATA (DO}

Vau

Sov

Ve

NOTE:
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YA

Ve

RPe ()
Vo

i igh.
the latter of CEq# o CEq# going low or the first of CEg# or CE4# going hig

1. CEy# is defined as
Figure 12. Read Timing Waveforms

290489-9
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%

oo T\

HGHZ

""Lh.
=

Vi
N ADCRESSES STAILE
Vo d
b tavav
Ve [—
caqam-//____________ \
v
- PavrL =lgun,
Vi
[
- / =\
v,
. e—teur
vt ——
Yu v,
% ‘\-‘ e Loy —
" e
e
Yo — lam
DATA (DQ0-DC7) HGHZ
by Tavar] :__.
Vou =
B = };;; ;5':;::"\\ HGHZ
- AW/
NOTE:

1. CEx# is defined as the latter of CEq# or CE{# going low or the first of CEg# or CEq# going high.

290489-10
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Figure 13. BYTE # Timing Waveforms
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5.7 Power-Up and Reset Timings: COMMERCIAL TEMPERATURE 5.8 ACCh i
g aracteristics for WE # —Controlled C i i
C omman H
Commercial Temperature(1) .d b pperatlons.
Veo Power-Up | | - |
J Voc = 3.3V + 0.3V, Ty = 0°C to +70°C
— X / Versl »
i _ ‘ erslons 28F016SA-120 28F016SA-150 '
YL UL i
p _— Sy : Parameter Notes | Min | Typ | Max | Min | Typ | Max =
' tavav Wirite Cycle Time 120 150
ns
30;)5# o s 50V typwH | Vpp Setup to WE# Going High b | 100 100 ns
t
o a5V tpHEL RP# Setup to CE# Going Low 480 480 ns
33v i
o —/ \ terwL | CE# Setup to WE# Going Low 10 10 ns
o tavwH | Address Setup to WE# Going High 26 75 75 ns
@vsv) o tovwH | Data Setup to WE# Going High 2,6 75 75 n
] s
t WE# i
s WLWH E# Pulse Width 75 75 ns
\ / - twHDx | Data Hold from WE # High 10
N e A o e 10 ns
y S X PR, twHAx | Address Hold from WE# High 10 10 ns
\/ AN \/ ;e i
™ XXXRRRRROUAARARY vaiid (OO0 Ve twHgn | CE# Hold from WE # High 10 10
‘ ns
) o K — Avav twhwL | WE# Pulse Width High 45 75 n:
pt - S
D(g? 4 Valid 3.3V Oulp ms—}_ Valid 5.0V Outputs tgHwL | Read Recovery before Write o] 0 ns
twHrL | WE# High to RY/BY # Going Low 100
— - 100 | ns
20048912 tRHPL RP# Hold from Valid Status Register 3 0 0
(QSR, GSR, BSR) Data and RY/BY # e
Figure 14. Vcc Power-Up and RP# Reset Waveforms Hon
tpuwL | RP# High Recovery to WE# Going Low 1
Notes Min Max Unit . 1 -
Symbol Parameter = 4‘ twHgL | Write Recovery before Read 95 120 ns
= - S
o AP # Low to ¥s# Low (High) L towL | Vpp Hold from Valid Status Register 0 0
v, (CSR, GSR, BSR) Data and RY/BY # be
tien | Y6 Low (High to RP# High ! 2 ¥ =
ikl twHavit | Duration of Word/Byte Write 4,5 5 9
) , Note | & 9
tpLsv RP# Low to Vg at 4.5V minimum 2 g pe Operation £ Ngte N
i (to Voo at 3.0V min or 2.6V max) twrqv2 | Duration of Block Erase Operation 4 0.3 10 | 0.3 10 | sec
tPHELS RP# High to CE# Low (3.3V Vcc) kL 50 =
tPHELS RP# High to GE# Low (8V Vco) ! 330 =
tavav Address Valid to Data Valid for Vg = 5V £ 10% 3 80 ns
tpHQV RP# High to Data Valid for Vcg = 5V £ 10% 3 480 ns i
NOTES:

CEp#, CEq# and OE# are switched low after Power-Up.

1. The types/tyrpr and tpHELa/ toHELS times must be strict

2. The power supply may start 1o switch concurrently with AP # going low, )

3. The address access time and 3P+ high to data valid time are shown for 5V Vg operation of the 28F016SA-080. Refer
1o the AC Characteristics Read Only Operations for 3.3V Vog and all other speed options.

ty followed to guarantee all othier read and write specifications.

PRELIMINARY
PRELIMINARY
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5.8 AC Characteristics for WE# ~Controlled Command V\{_rite Operat.lons:
" Commercial Temperature(1) (Continued)

= 50V * 0.5V, 50V * 0.25Y,Ta = 0°Cto +70°C

28F016SA

Voo = +
= Veg + 5% 28F016SA-070 _ —
e Vee £ 10% 28F0165A-080 28F016SA-10
) T Max
ter Notes Min Max m Typ mm yp
o ne| ; ol T ool |
i 7
tavay | Write Cycle Time = =
tvpwH | VPP Setup to 3
WE # Going
== 480
tpHEL RP# Setupto 480
CE# Going Low -
o]
1 CE# Setup to
s WE # Going Low —
tavwh | Address Setup 2,6
to WE# Going
High —
toywn | Data Setup to
i WE # Going
High

Pul 40 %0 *
twiwH | WE# Pulse
. Wwidth
1 Data Hold from n.
WHDX WE # High To 10
10
% Address Hold - -
. from WE # High ——“

f=—"] 10
1 CE# Hold from -
MG WE# High

twHWL WE# Pglse
o Width High

Read Recovery n
L B
loHw before Write - P
twHRL | WE# Highto
RY/BY # Going
Low

PRELIMINARY
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5.8 AC Characteristics for WE # —Controlled Command Write Operations:
COMMERCIAL TEMPERATURE(1) (Continued)

Voo = 5.0V # 0.5V, 5.0V + 0.25V, Ty = 0°C to +70°C
Vec * 5% | 28F016SA-070

Vee = 10% 28F016SA-080 28F016SA-100 | Unit
Sym Parameter Notes Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

tRHPL RP# Hold 3 0 0 [0}
from Valid
Status
Register
(CSR, GSR,
BSR) Data
and RY/BY #
High

Versions

ns

teywL | RP# High 1 1 1
Recovery to
WE# Going
Low

twHaL | Write 60 65 80
Recovery
before Read

ns

tavvL Vpp Hold from | 0 0 0 us
Valid Status

Register
(CSR, GSR,
BSR) Data
and RY/BY #
High.

twHav1 | Duration of 4,5 4.5 6 |Note| 45| 6 | Note| 45 6 | Note
Word/Byte 7 7 7
Write

Operation

us

twHav2 | Duration of 4 0.3 10 | 03 10 | 03 10 | sec
Block Erase
Operation .

NOTES:
CE# is defined as the latter of CEg# or CEy# going low or the first of CEp# or CE4# going high.

NOOADND S

. Read timings during data write and block erase are the same as for normal read.
. Refer to command definition tables for valid address and data values.

Sampled, but not 100% tested.

. Data write/block erase durations are measured to valid Status Register data.

Waord/byte write operations are typically performed with 1 programming pulse,
Address and data are latched on the rising edge of WE# for all command write operations.

. This information will be available in a technical paper. Please call Intel's Application Hotline or your local Intel sales office

for more information.
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5.9 AC Characteristics for CE # —Controlled Command Write Operations:
Commercial Temperature(1) . :
oo ST, ARG T T e ot it Voo = 33V £ 03V, Tp = 0°Cto +70°C
v AT - FEEEERR s Y OO e ey .
s o DT, o KRN . [ Versions 28F0t65A-120 [ zsFotesA-ts0 |
LAYt “aFuRalatal -
w— ...——4'-_““" Sl CoN Sym <+ Parameter - Notes | Min | Typ | Max | Min | Typ | Max
§ - TV i TR A ; i
o R Ry === === QRN tavav -| Write Cycle Time 120 150 ns
nore? el Pouees ! typeH | Vpp Setup to CE# Going High 3 100 100 ns
. tpywL | RP# Setup to WE# Going Low 480 480 ns
el .,L_/—\ k twLeL | WE# Setup to CE# Going Low 0 0 ns
‘““"l i (s et — — taveH | Address Setup to CE# Going High 2,6 75 75 ns
e © Vi of \_/ tpven | Data Setup to CE# Going High 2,6 75 75 ns
Vi
) S e teLeq | CE# Pulse Width 75 75 ns
i ) 4 £ \/ X / teypx | Data Hold from CE# High 2 10 10 ns
AR \—T tenax | Address Hold from CE# High 2 10 10 ns
B A terwH | WE Hold from CE# High 10 10 ns
w e B AN - E——=) —
oata 0/Q) - - B "/ teqer | CE# Pulse Width High 45 75 ns
- o puiiey, =+
|-—-| fmiet tgHEL | Read Recovery before Write 0 0 ns
ergore Vo:/h \ tenRL | CE# High to RY/BY# Going Low 100 100 | ns
= trupL | RP# Hold from Valid Status Register 3 0 0 ns
F (CSR, GSR, BSR) Data and RY/BY #
RPe (P} i:/ ngh
tpHeL | RP# High Recovery to CE# Going Low 1 1 us
F——. Lvpwi
Vow T T tengL | Write Recovery before Read 95 120 ns
GO 7
e TV .%%Tz:::::::g%{%:'ﬂf tquve | Vpp Hold from Valid Status Register 0 0 s
v LSO (CSR, GSR, BSR) Data and RY/BY #
High .
3 — teHQv1 | Duration of Word/Byte Write 4.5 5) 9 [Note| 5 9 | Note | ps
N s adress string depicts cata write/block erase oycles with “mmﬂ;g e, Operation 7 7
 Thi i ta write/block erase cycles corres . * - -
2 T.I.hh.‘s m%i?;%mﬂi?@ CSRD for verification during data write/block erase operations. terqve | Duration of Block Erase Operation 4 03 10 | 03 10 sec
s Y aiined as the latter of CEq# or CE+ # going low or the first of CEg# or CE; # going high.
5 RPs low transition is only tc show tapL; not valid for above read and write cycles.

Figure 15. AC Waveforms for Command Write Operations
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5.9 AC Characteristics for CE# -Controlled Command Write Operations:
COMMERCIAL TEMPERATURE(1) (Continued) - :

Voo = 5.0V t0 0.5V, 5.0 £ 0.28V, Tp = 0°C to +70°C

y Vec t 5% | 28F016SA-070
Versions .
Ve + 10% 28F016SA-080 28F016SA-100 | Unit
Sym Parameter Notes Min | Typ | Max | Min | Typ | Max | Min Typ | Max
tavav | Write Cycle Time 70 80 100 ns
typen | Vep Setup to 3 100 100 100 ns
CE# Going High
tpywL | RP# Setup to 3 480 480 480 ns
WE # Going Low
twLeL | WE# Setup to 0 0 0 ns
CE# Going Low
taveH | Address Setup 2,6 50 50 50 ns
to CE# Going
High
tpven | Data Setup to 2,6 50 50 50 ns
CE# Going High
tereq | CE# Pulse 40 50 50 ns
Width
tenpx | Data Hold from 2 0 [¢] 0 ns
CE# High
tenax . | Address Hold 2 10 10 10 ns
from CE# High
tepwH | WE# Hold from 10 10 10 ns
CE# High
tgqeL | CE# Pulse 30 30 50 ns
Width High
tgueL | Read Recovery 0 0 0 ns
before Write
teqaL | CE# Highto 100 100 100 | ns
RY/BY # Going
Low
4-140 PRELIMINARY
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5.9 AC Characteristics for CE # -Controlled Command Write Operations:
COMMERCIAL TEMPERATURE(1) (Continued)

Voo = 5.0 10 0.5V, 5.0V £ 0.25V, T = 0°C to +70°C

Ve + 5% | 28F016SA-070 .

Vee £ 10% 28F016SA-080 28F016SA-100
Notes Min | Typ | Max | Min | Typ | Max | Min | Typ

RP# Hold 3 0 0 0 ns
from Valid
Status
Register (CSR,
GSR, BSR)
Data and RY/
BY # High

RP# High 1 1 1 us
Recovery to
CE # Going
Low

Write 60 65 80 us
Recovery
before Read

Vpp Hold from 0 0 0 us
Valid Status
Register (CSR,
GSR, BSR)
Data and RY/
BY # High
Duration of 4,5 45| 6 |Note| 45| 6 |Note| 45| 6 |[Note| ps
Word/Byte 7 7 4
Write
Operation
Duration of 4 0.3 10 0.3 10 0.3 10 | sec

Block Erase
Operation

Versions
Unit

Sym Parameter Max

tRHPL

tPHEL

tEHGL

tavvL

teHQV1

teHQV2

NOTES:

CE# is defined as the latter of CEqg# or CE;# going low or the first of CEg# or CE4 # going high.

. Read timings during data write and block erase are the same as for normal read.

. Refer to command definition tables for valid address and data values.

led, but not 100% lested.

. Data write/block erase durations are measured to valid Status Register data.

. Word/byte write operations are typically performed with 1 programming pulse.

Address and data are latched on the rising edge of CE# for all command write operations.

" This information will be available in a technical paper. Please call Intal's Application Hotline or your local Intel sales office
for more information.

NonpLP
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ADDRESSES (4)

wEe (W)
oEn (6)

cex® (E)
NOTE ¢

DATA (0/Q)
RrY/8Y® (R)

RP® {F)

Vo V)

NOTES:

4. CEx#

POWER-DOWN ERASC SETUP COMMAND  uyey comrili

¥
sooresses () " !

7 TN
BN TSR n 1@------"—“53---" AT R e
¥ @tﬂé’&‘f’ﬂu’ &.m» QRN

NOTE 2 v /0

WRITE VAL D aD0RTS
! AUTOMATED DATA-WRITE WRITE READ CXTCNDED READ EXTENDED
oo e Sevan Couikn A b, ‘o‘“-m OR CRASE DELAY REGISTER COMMAND STATUS REGISTER DATA

(TR
Y

AANA
Vit ‘oiax READ COMPATIBLL
m—ta STATUS REGISTER DATA
i A ")

\ g

' '
CTE | | il , _.!
o ! 1.

R Fp—

i i i i ification via ESRD.
1. This address string depicts data write/block erase cycles w!th corresponding verification Vi

2. This address string depicts data write/block erase cycles with corresponding verification via CSRD.
3. This cycle is invalid when using CSRD for verification during data write/block erase operations.

is defined as the latter of CEg# or CEq# gainglworu'leﬁrsiofCEof or GE4# going high.

5. AP# low transition is only 10 show tappi; not valid for above read and write cycles.

i nu ; 28r+16SA

5.10 AC Characteristics for Page Buffer Write Operations: COMMERCIAL
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Figure 16. Alternate AC Waveforms for Command Write Operations

PRELIMINARY

TEMPERATURE()
Voo = 3.3V £ 0.3V, Tp = 0°Cto +70°C

Versions ‘ 28F016SA-120 28F016SA-150 )

Sym Parameter Notes | Min | Typ | Max | Min | Typ | Max -
tavav Write Cycle Time 120 150 ns
tewr | CE# Setup to WE# Going Low 10 10 ns
tavwL | Address Setup to WE# Going Low 3 0 0 ns
tpovwH | Data Setup to WE# Going High 2 75 75 ns
twiwH | WE# Pulse Width 75 75 ns
twHpx | Data Hold from WE # High 2 10 10 ns
twHAX | Address Hold from WE # High 2 10 10 ns
twHen | CE# Hold from WE# High 10 10 ns
twHwL | WE# Pulse Width High 45 75 ns
tghwL | Read Recovery before Write 0 0 ns
twHaL | Write Recovery before Read 95 120 ns

1)
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5.10 AC Characteristics for Page Buffer Write Operations: COMMERCIAL
TEMPERATURE(1) (Continued) i

Vg = 5.0V £ 0.5V, 5.0V + 0.25V, Ta = 0°C to +70°C

L]
I nté ® z8F016SA

CEx# twHER
(E)

Yie

teLwe

Vin —
WE# !
(w) twHwL

YiL

tavwL

Lwiwn

A £
ADDRESSES W VALID
YiL N

tovwn twhox

twhax

ViW

DATA HIGH Z /—-
iy

(0/Q)
ViL

290489-15

Versions — 28F016SA-070 28F016SA-080 28F016SA-100 i
otes ni

Sym Parameter Min | Typ | Max | Min Typ | Max | Min Typ | Max

tavay | Write Cycle Time 70 80 100 ns

tgowL | CE# Setupto WE# 0 0 0 ns
Going Low

tavwL | Address Setup to 3 0 0 0 ns
WE # Going Low

tpywH | Data Setup to WE# 2 50 50 50 ns
Going High

twLwH | WE# Pulse Width 40 50 50 ns

twHox | Data Hold from WE # 2 0 0 0 ns
High

twHax | Address Hold from 2 10 10 10 ns
WE # High

twHeH | CE# Hold from WE# 10 10 10 ns
High

twHwL | WE# Pulse Width | 30 30 50 ns
High ]

tguwL | Read Recovery before 0 0 0 ns
Write

twHaL | Write Recovery before 60 65 80 ns
Read

L

NOTES:
CE# is defined as the latler of CEg# of CE4 # going low or the first of GEg# or CE4 # going high.
1. These are WE# —controlled write timings, equivalent CE # —controlied write timings apply.

2. Sampled, but not 100% tested.
4. Address must be valid during the entire WE# low pulse or the entire CE# low pulse for CE #-controlled writes.
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Figure 17. Page Buffer Write Timing Waveforms (Loading Data to the Page Buffer)

PRELIMINARY 4-145







28F016SA in‘l‘e| . i ntel )
28F016SA

5.11 gna:; ra\gdﬂg:&; ?:#e Write Performance, Cycling Performance and 6.0 DERATING CURVES
Voo = 3.3V + 0.3V, Vpp = 120V + 0.6V, Tp = 0°Cto +70°C a0
Sym Parameter Notes | Min Typl! Max Unit | Test Conditions
Page Buffer Byte Write 2,4 3.26 Note 6 ns "
Time . 70
Page Buffer Word Write 2,4 6.53 Note & us ~
Time B -
twhaK! | Word/Byte Write Time 2 9 Note6 | ps 2 s £
twHRH2 | Block Write Time 2 0.6 21 | sec | Byte Write Mode E $
twiinH3 | Block Write Time 2 03 70 | sec | Word Write Mode £ 4 — F
Block Erase Time 2 0.8 10 sec 30 et [
Full Chip Erase Time 2 25.6 : sec 2
Erase Suspend Latency 7.0 ps ”/
Time to Read T S s~y a4
Auto Erase Suspend 10.0 bs FREQUENCY (MH2) e 2z 4 & & 10 12 14 16
Latency Time to Write - FREQUENCY (WHz)
Erase Cycles 5 100,000 | 1,000,000 Cycles Figure 18. Igg vs. Frequency (Voc = 5.5V) 290489-19

for x8 or x16 Operation Figure 20. Icc vs. Frequency (Vec = 3.6V)

Block Erase Time

0.6 10 sec : — _
Full Chip Erase Time 19.2 sec ! i
Erase Suspend Latency 5.0 us - 5
[\ P S

Vee = 5.0V + 0.5V, Vep = 12.0V + 06V, T4 = 0°Cto +70°C for x8 or x16 Operation
Sym Parameter | Notes Min Typ(t) Max Unit | Test Conditions {
Page Buffer Byte Write 2,4 2.76 Note 6 ps 4SmA )
Time ! FLE —— S
PageBufferWordWri:e 2,4 5.51 Note 6 pus Tictme [ T 7T —--}—---____ i, ad | 1 _|_ | : I |
Time : L f | |
twrme | Word/Byte Write Time 2 6 Note6 | s 5 1 | .
twHAH2 | Block Write Time 2 0.4 24 sec | Byte Write Mode B ] T |
twrRHS | Block Write Time 2 0.2 1.0 sec | Word Write Mode Sma/div T —t
2 £
2

Time to Read P
Auto Erase Suspend 8.0 us " A % : N E
Latency Time to Write -omb P | i =+ HE
me 2 ~10mA I |
Erase Cycles 5 | 100,000 | 1,000,000 | [ Cycles Ty e e .
290489-18 100 ms/div
Figure 19. Icc during Block Erase o092t

4+25°C, Voo = 3.3V or 5.0V nominal, Vpp = 12.0V nominal, 10K cycles.

Excludes system-level overhead

These performance numbers are valid for all speed versions.

This assumes using the full Pags Butfer lo data write to the flash memory (256 bytes or 128 words). y e |

Typical 1,000,000 cycle performance assumes the application uses block retirement technigues. |

This information will be availabie in a technical paper. Please call Intel's Application Hotline or your local ntel Sales :

office for more information. LR ) |
"

Figure 21. lpp during Block Erase

ouma@OsZ

g PRELIMINARY PRELIMINARY

4-147







28F016SA

intel 28F016SA
®
7.0 MECHANICAL SPECIFICATIONS FOR TSOP
L -
‘20 ©
SOT OETAIL B
(=[]
O OE | i
] P
f 4 ! g
! ki 3|3
a—‘ j I@/ SEE DETAIL A
_f_
il = WS
290489-28

Figure 25. Mechanical Specifications of the 28F016SA 56-Lead TSOP Type 1 Package

Family: Thin Small Outline Package

120 T f 3
100 T
g /
s 801
E
=
2 60 1
3
< u Vee = 3.3V
] ® Voo = 5.0V
Temp=70°C
201
]
° 0 5-0 100 150 200 250
Output Load Capacitance (pF) -
Figure 22. Access Time (tacc) vs. Output Loading
’7 40mA H
0OmA T !
o tep rrna
e e o o i B S S Sy
5mA/div 5 ma/div ::
¥ i . i H
i N 4
# e p- ™ i
| R
A . L =50m 40.1 ps
- -2 us O us 16.04 ps -9.9 us i
st 290489-25 29048926
i i i 24. 1pp during Page
i i ite Operation Figure P
Figure 23. lpp during Word Wri p! R B ion
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Symbol - : Millimeters :
Minimum Nominal Maximum Notes
A 1.20
Aq 0.05
Ao 0.965 0.995 1.025
b 0.100 0.150 0.200
c 0.115 0.125 0.135
D4 18.20 18.40 18.60
E 13.80 14.00 14.20
e 0.50
D 19.80 20.00 20.20
L 0.500 0.600 0.700
N 56
0° 3° 5°
Y 0.100
. z 0.150 0.250 0.350
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28F016SA ir N :
9.0 DEVICE NOMENCLATURE AND ORDERING INFORMATION
8.0 MECHANICAL SPECIFICATIONS FOR SSOP
56-Lead Shrink Small Outline Package (SSOP) D A 2 8 F 0 1 6 S A O 7 0
Qooonnannonoonannonnooonnnnn ' |
T J
DA = COMMERCIAL TEMPERATURE ACCESS SPEED
56-LEAD SSOP
E = COMMERCIAL TEMPERATURE 132 ns
- n
& ! DETAIL A L-l I ECLEACEESE s 290489-29 _
O Valid Combinations u
Option Order Code Voo = 3.3V £ 03V, | Vgo =50V £ 10%, | Vec = 5.0V * 5%
R T V. 3 A T N C .| x s
QR AR N— e vl e
1 E28F016SA-070 E28F016SA-120 E28F016SA-080 E28F016SA-070
2 E28F016SA-100 E28F016SA-150 E28F016SA-100
3 DA28F016SA-070 DA28F016SA-120 DA28F016SA-080 DA28F016SA-070
01 - 4 DA28F016SA-100 DA28F016SA-150 DA2BF016SA-100
{ L 1
5 40 JU L
.__J_i b
e Al 4
——H_h _—1 L_. — SEE DETAIL A il
290489-32 i
Figure 26. Mechanical Specifications of the 56-Lead SSOP Package
Family: Shrink Smatl Outline Package
Millimeters Notes
Symbol Minimum Nominal Maximum
A 1.80 1.90
Al 0.47
A2 118 1.28 1.38
b 025 0.30 0.40
c 0.13 0.15 0.20
D1 23.40 23.70 24.00 i
E 12.10 13.30 13.50 _
e 0.80 )
D 15.70 16.000 16.30 E
N 56 }
L 0.750 0.80 0.85 l ;
= 0.10 i
A3 1.30 1.40 1.50 .
& 5 i
i
1
i
)
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10.0 ADDITIONAL INFORMATION . .
10.2 Revision History
Number
10.1 References Description
001 Original Version
Order Number Document/Tool o
297372 16-Mbit Flash Product Family User's Manual - :Q"ded 56-Lead SSOP Package
. eparated AC Reading Timing Specs t,
290490 DD28F032SA 32-Mbit FlashFile™ Memory Datasheet —Modified DEVICE NOMENCL%TSRE AvEL taval for Extended Status Register Reads
290528 28F016SV FlashFile™ Memory Datasheet _ﬁggzg S:‘DEBR':G ITNFORMAT|0N
_ ge Buffer i i
290429 | 28F008SA B-Mbit FlashFile™ Memory Datasheet —Added Typical Erase ’g":‘;‘:‘g"‘j"ﬁf’:ﬂi‘i’;ma"ce numbers
'S
292092 AP-357 “Power Supply Solutions for Flash Memory” —_—II:ZLL%CD (Deep Power-Down current) BYTE # must be at CMOS level
292123 AP-374 “Flash Memory Write Protection Techniques” — Revis e:ﬁg;r':]zcr::as%:tijnsef"’ha"iczld‘slpeCifications S
rom ** al PORRT I _ N
292124 AP-375 " Jpgrade Considerations from the 28F008SA to the 28F016SA™ 003 | —Section 5.11: Renamed specification f;ed infoimation” to “Preliminary
Suspend Latency Time to Write” rase Suspend Latency Time to Write” as “Auto Erase

292126 AP-377 *16-Mbit Flash Product Family Software Drivers 28F016SA, 28F016SV,

28F016X3, 28F016XD™ —Section 5.7: Added specifications tPHELS. tPHELS

—TSOP dimension A1 = 0.05 mm (min)

292127 AP-378 “System Optimization Using the Enhanced Features of the 28F016SA” —SSOP dimension B = 0
? ion B = 0.40
292144 AP-393 “28F016SV Compatibility with 28F016SA" —Minor cosmetic changes mm (max)
292159 AP-607 “Multi-Site Layout Planning with Intel's Flash File™ Components”
294016 ER-33 “ETOX™ Flash Memory Technology - Insight to Intel's Fourth Generation Process
Innovation”
297534 Small and Low-Cost Power Supply solution for Intel's Flash Memory Products (Technical
Paper)
297508 FLASHEuilder Design Resource Tool
4152 PRELIMINARY | PRELIMINARY
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